Understanding sperm DNA fragmentation
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We greatly value the commentary by Dr. Gosalvez on the
“Clinical utility of sperm DNA fragmentation testing:
practice recommendations based on clinical scenarios” by
Agarwal et al. (1). The author initiated his well-written
note with an overview of the structural and physiologic
significance of sperm DNA on male reproduction
addressing its association with varicocele, recurrent
spontaneous abortion and unexplained infertility, and its
implications on embryonic development and fecundity both
naturally and after assisted reproductive techniques (ART).
Throughout his discussion, Dr. Gosalvez rightly highlighted
the importance of understanding the etiology, root causes
and types of sperm DNA fragmentation (SDF) as this would
ultimately influence interpretation of SDF test result and
our understanding of the novel treatment methods utilized
in such circumstances. We want to seize this opportunity to
elaborate on this particular issue.

Mammalian sperm DNA is unique in such a way that
it is highly organized, condensed and compacted. In
contrast to the DNA structure of somatic cells which is
wrapped around an octamer of histones, packaged into
nucleosomes and coiled into a solenoid thereby increasing
the chromatin volume (2), sperm DNA is rather hindered
by the confined sperm nuclear space and hence undergoes
necessary modifications to its packaging process. During
spermiogenesis histones are lost and replaced with transition
proteins and subsequently with protamines (3). Cystein
residues of the much smaller protamines further undergo
intra- and inter-molecular disulfide cross linking resulting
in a highly condensed chromatin arranged in a toroid (4).
This complex packaging and compaction affords necessary
protection to sperm chromatin during its transport from the
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male to female reproductive tracts and ensures delivery of
paternal genetic material to the developing embryo.

Although human sperm DNA undergoes the same
structural modifications as described above, it is less
compact than the sperm DNA of other mammals. A certain
amount of histones is retained in human sperm chromatin
making it less compact and subject to injury (5). In fact, a
higher histone to protamine ratio has been detected in men
complaining of infertility (6,7). Furthermore, two types
of protamines, P1 and P2, exist with the latter containing
fewer cysteine groups and hence less disulfide crosslinks
thereby theoretically making the sperm DNA more
susceptible to damage (8). While assessing sperm DNA
integrity in infertile men with varicocele, Ni ez al. reported
a significant reduction in protamine 1/2 mRNA ratio in
patients with clinical grade 3 varicocele (9).

Different types of SDF such as single- or double-stranded
DNA breaks, DNA nicks, nuclear protein defects, and
alteration of chromatin configuration can occur secondary
to a wide variety of etiologic factors. Disease states such as
varicocele, infections and inflammations of the genital tract,
cancer, genetic mutations, chromosomal abnormalities
and environmental and habitual exposures have all been
identified resulting in DNA damage to the sperm either
during spermiation or during its transit through the male
reproductive tract (10-12). Intra-testicular damage is
believed to occur secondary to abortive apoptosis or to
alteration in sperm maturation. Under normal physiologic
circumstances, almost half of germ cells entering meiosis 1
of spermatogenesis are exposed to markers of the Fas type
and hence undergo abortive apoptosis and are expelled by
Sertoli cells (13). However, under pathologic conditions
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the defective germ cells may not be efficiently eliminated
with a variable percentage of them entering spermiogenesis
and appearing in the ejaculate (14). Evidence suggest
that these defective gem cells may in fact have a normal
morphologic appearance after spermiogenesis despite
their poor genomic quality, a fact that further complicates
the situation and highlights the importance of SDF
testing (15). Alteration in sperm maturation is another
theory that is thought to result in intra-testicular damage to
sperm DNA. During spermiogenesis, DNA strand nicks/
breaks occur to facilitate the process of protamination
which would later result in highly compact sperm DNA
as previously mentioned. Defects in the enzymatic repair
process of these DNA breaks are believed to be responsible
for alteration in sperm maturation resulting in dramatic
consequences to the genomic integrity of the sperm cell (16).

Recent evidence indicates that the intra-testicular
mechanisms of DNA damage are not solely responsible for
the appearance of SDF in the ejaculate. This hypothesis was
based on the findings of few reports which revealed a higher
incidence of SDF in ejaculated and epididymal sperm than
in testicular sperm (17-19). Oxidative stress induced DNA
damage has been considered as the principle factor in this
regard. Excessive quantities of reactive oxygen species (ROS)
could be produced by immature spermatozoa, inflammatory
cells and epididymal epithelium resulting in DNA damage
of mature sperm cells. This is consistent with the results
of in vitro studies, demonstrating ROS-induced SDF after
exposure of mature sperm cells to ROS (20), and of in vive
studies conveying the presence of a significant positive
correlation between SDF and markers of oxidative stress
(21,22). These facts in addition to the compelling evidence
provided by recent meta-analyses (23-25) indicating an
increased risk of pregnancy loss after intracytoplasmic
sperm injection (ICSI) in patients with high SDE, triggered
researchers to explore the utility of testicular sperm instead
of ejaculated sperm in patients with high SDF. Esteves
et al. (19) compared the clinical outcome of ICSI performed
with ejaculated sperm or testicular sperm in 147 men with
high SDEF. The percentage of SDF, measured with a variant
of the Halosperm test, was significantly lower in testicular
sperm in comparison to ejaculated sperm of the group
undergoing testicular sperm retrieval (P<0.001). More
importantly, the authors revealed a statistically significant
lower miscarriage rate (P=0.012) and higher live birth rate
(P=0.007) in the testicular sperm group in comparison to
the ejaculated sperm group. In another study, Arafa et 4. (26)
compared the clinical outcome of a consecutive testicular
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sperm ICSI cycle performed on 36 men with high SDF
to the clinical outcome of a prior ejaculated sperm ICSI
cycle. These authors also demonstrated significantly higher
pregnancy rates (38.9% wvs. 13.5%, P<0.001) and live birth
rates (47.2% vs. 8.3%, P<0.001) with the testicular sperm in
comparison to the ejaculated sperm ICSI cycle.

Dr. Gosalvez has indicated in his commentary that
SDF may in fact play an important role in embryo quality
and early embryonic loss stressing on the importance
of future research in this area. We agree with his view
on this as demonstrated by recent publications. Simon
et al. (27) evaluated embryo quality after ICSI performed
with semen samples from 215 men with low or high SDF.
Using single cell gel electrophoresis to detect the degree
of DNA damage, men with lower levels of SDF had a
significantly higher percentage of good quality embryos
and lower percentage of poor quality embryos (P=0.05)
in comparison to men with high SDF. In another study,
Wdowiak et al. (28) investigated the dynamics of SDF and
its implication on embryo development and pregnancy
rate. The authors utilized sperm chromatin dispersion
test on semen samples from 148 couples undergoing ICSI
measuring SDF level at various time periods (initially and
after 3, 6 and 12 h of incubation). The SDF level and the
intensity of fragmentation was correlated with embryo
growth and pregnancy outcome. The authors observed that
the early stages of embryo development were dependent on
the initial SDF level, and that further progression of embryo
development into pregnancy depends on the amplification
of SDF after 12 h of incubation. They detected a 5.9%
lower likelihood of pregnancy for every 1 unit increase in
SDF observed after 12 h of incubation.

Finally, we believe that the proper utility of SDF testing
could provide valuable information that may change the
clinical outcome of the couple seeking fertility. Perhaps
there is no better way to conclude this reply than to quote
Dr. Gosalvez’s ending statement “it is the information about
the quality of DNA that is going to be most relevant for
subsequent syngamy and embryogenesis”.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

tau.amegroups.com Transl Androl Urol 2017;6(Suppl 4):S535-S538



Translational Andrology and Urology, Vol 6, Suppl 4 September 2017

References

1.

10.

11.

12.

13.

14.

Agarwal A, Majzoub A, Esteves SC, et al. Clinical

utility of sperm DNA fragmentation testing: practice
recommendations based on clinical scenarios. Transl
Androl Urol 2016;5:935-50.

McGhee JD, Felsenfeld G, Eisenberg H. Nucleosome
structure and conformational changes. Biophys J
1980;32:261-70.

Kierszenbaum AL. Transition nuclear proteins during
spermiogenesis: unrepaired DNA breaks not allowed. Mol
Reprod Dev 2001;58:357-8.

Kosower NS, Katayose H, Yanagimachi R. Thiol-disulfide
status and acridine orange fluorescence of mammalian
sperm nuclei. ] Androl 1992;13:342-8.

Agarwal A, Said TM. Role of sperm chromatin
abnormalities and DNA damage in male infertility. Hum
Reprod Update 2003;9:331-45.

Aoki VW, Carrell DT. Human protamines and the
developing spermatid: their structure, function, expression
and relationship with male infertility. Asian J Androl
2003;5:315-24.

Oliva R. Protamines and male infertility. Hum Reprod
Update 2006;12:417-35.

Corzett M, Mazrimas J, Balhorn R. Protamine 1:
protamine 2 stoichiometry in the sperm of eutherian
mammals. Mol Reprod Dev 2002;61:519-27.

Ni K, Steger K, Yang H, et al. Sperm protamine mRNA
ratio and DNA fragmentation index represent reliable
clinical biomarkers for men with varicocele after
microsurgical varicocele ligation. ] Urol 2014;192:170-6.
Morris ID. Sperm DNA damage and cancer treatment. Int
J Androl 2002;25:255-61.

Micillo A, Vassallo MR, Cordeschi G, et al. Semen
leukocytes and oxidative-dependent DNA damage

of spermatozoa in male partners of subfertile couples
with no symptoms of genital tract infection. Andrology
2016;4:808-15.

Majzoub A, Esteves SC, Gosalvez J, et al. Specialized
sperm function tests in varicocele and the future of
andrology laboratory. Asian J Androl 2016;18:205-12.
Sakkas D, Mariethoz E, Manicardi G, et al. Origin of
DNA damage in ejaculated human spermatozoa. Rev
Reprod 1999;4:31-7.

Sakkas D, Mariethoz E, St John JC. Abnormal sperm
parameters in humans are indicative of an abortive
apoptotic mechanism linked to the Fas-mediated pathway.

© Translational Andrology and Urology. All rights reserved.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

tau.amegroups.com

S§537

Exp Cell Res 1999;251:350-5.

Burrello N, Arcidiacono G, Vicari E, et al. Morphologically
normal spermatozoa of patients with secretory oligo-
astheno-teratozoospermia have an increased aneuploidy
rate. Hum Reprod 2004;19:2298-302.

Meyer-Ficca ML, Lonchar JD, Thara M, et al. Poly(ADP-
ribose) polymerases PARP1 and PARP2 modulate
topoisomerase II beta (TOP2B) function during chromatin
condensation in mouse spermiogenesis. Biol Reprod
2011;84:900-9.

Greco E, Scarselli F, Tacobelli M, et al. Efficient treatment
of infertility due to sperm DNA damage by ICSI with
testicular spermatozoa. Hum Reprod 2005;20:226-30.
Moskovtsev SI, Jarvi K, Mullen JB, et al. Testicular
spermatozoa have statistically significantly lower DNA
damage compared with ejaculated spermatozoa in patients
with unsuccessful oral antioxidant treatment. Fertil Steril
2010;93:1142-6.

Esteves SC, Sanchez-Martin F, Sanchez-Martin P, et al.
Comparison of reproductive outcome in oligozoospermic
men with high sperm DNA fragmentation undergoing
intracytoplasmic sperm injection with ejaculated and
testicular sperm. Fertil Steril 2015;104:1398-405.

Twigg JP, Irvine DS, Aitken R]. Oxidative damage to
DNA in human spermatozoa does not preclude pronucleus
formation at intracytoplasmic sperm injection. Hum
Reprod 1998;13:1864-71.

De Tuliis GN, Thomson LK, Mitchell LA, et al. DNA
damage in human spermatozoa is highly correlated with
the efficiency of chromatin remodeling and the formation
of 8-hydroxy-2'-deoxyguanosine, a marker of oxidative
stress. Biol Reprod 2009;81:517-24.

Agarwal A, Said TM. Oxidative stress, DNA damage and
apoptosis in male infertility: a clinical approach. BJU Int
2005;95:503-7.

Osman A, Alsomait H, Seshadri S, et al. The effect of
sperm DNA fragmentation on live birth rate after IVF

or ICSI: a systematic review and meta-analysis. Reprod
Biomed Online 2015;30:120-7.

Zini A, Sigman M. Are tests of sperm DNA damage
clinically useful? Pros and cons. ] Androl 2009;30:219-29.
Robinson L, Gallos ID, Conner SJ, et al. The effect

of sperm DNA fragmentation on miscarriage rates:

a systematic review and meta-analysis. Hum Reprod
2012;27:2908-17.

Arafa M, Elbardisi H, AIMalki A, et al. ICSI outcome

Transl Androl Urol 2017;6(Suppl 4):S535-S538



S538 Majzoub et al. Understanding sperm DNA fragmentation

in patients with high DNA fragmentation: testicular Vs Hum Reprod 2014;29:2402-12.
ejaculated sperm. Andrologia 2017. 28. Wdowiak A, Bojar I. Relationship between pregnancy,
27. Simon L, Murphy K, Shamsi MB, et al. Paternal influence embryo development, and sperm deoxyribonucleic acid
of sperm DNA integrity on early embryonic development. fragmentation dynamics. Saudi J Biol Sci 2016;23:598-606.

Cite this article as: Majzoub A, Agarwal A, Esteves SC.
Understanding sperm DNA fragmentation. Transl Androl Urol
2017;6(Suppl 4):S535-S538. doi: 10.21037/tau.2017.04.27

© Translational Andrology and Urology. All rights reserved. tau.amegroups.com Transl Androl Urol 2017;6(Suppl 4):S535-S538



